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Recently, many studies have emphasized the importance of the comprehension of detailed functional
anatomy of the distal forearm and wrist joint, and their biomechanics. A signiﬁcant contribution which
yields good functional outcomes of surgical treatment was the development of the locking plate tech-
nology; this technology has facilitated the improvement of the surgical technique for the ﬁxation of
fractures. This article reviews the locking mechanism and design of the ﬁxation screws and plate, and the
details of the surgical technique including the double-tired subchondral support procedure as it is applied
to common fractures. Arthroscopic-assisted surgical procedures can be used to reduce the intra-articular
fracture fragments after realignment of the distal radiuswith the locking plate. This technique is also useful
at the time of ﬁxation to assess soft tissue injury. The combination of arthroscopic-assisted reduction and
locking plate ﬁxation is now indicated for AO type C2 and C3 intra-articular comminuted fractures.
© 2016 The Japanese Orthopaedic Association. Published by Elsevier B.V. All rights reserved.1. Introduction
Distal radius fracture is a common trauma in the elderly because
of the high frequency of osteoporosis in this age group. In a review
of over 1.4million United States emergency department visits, hand
and forearm fractures accounted for 1.5 percent of all visits [1]. In
general among hand and forearm fractures, fractures of the distal
radius comprise the largest portion (44 percent). The majority of
distal radius fractures occur as isolated injuries in two distinct
populations: youth involved in sports who sustain a relatively high-
energy fall, and seniors with osteoporotic bones who sustain a low-
energy fall.
The goal of distal radius fracture treatment is to restore hand,
wrist and forearm function with a high quality of motion and sta-
bility. The greatest recent advances have been with surgically open
reduction and internal ﬁxation. Two recent promising de-
velopments have been ﬁxed or variable angle volar locking plating
[2,3], and arthroscopic-assisted reduction with plating [4e11].
These ﬁxation techniques are sturdy enough to allow immediate87th Annual Meeting of The
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tion. Published by Elsevier B.V. Allrange of motion after surgery, resulting in minimal wrist joint
stiffness and enhanced improvement to attain maximum function.
Restoration of radio-carpal alignment is the most important
treatment, however, the precise amounts of angulation, shortening,
and intra-articular gap/step-off which impact ﬁnal function are not
known. Moreover, the relationship between the wrist alignment,
source of pain and loss of ﬁnal function, remains unclear. An
arthroscopic evaluation can resolve this diagnostic issue, in
particular it is useful to avoid the speciﬁc associated injuries of soft
tissue and intra-articular lesions [4e11]. The prognosis varies
depending upon bony and soft tissue lesions. If the bony alignment
is not properly restored, function may remain poor even after
healing. Restoration of bony alignment is at least a guarantee of
success, as there is a signiﬁcant soft tissue contribution to the
healing process. This article reviews a surgical procedurewith volar
locking plating, speciﬁcally focusing on the locking mechanism in
variable and ﬁxed angle plates, the design and characteristics of the
volar locking plate, and the inﬂuence on the clinical aspects
following use of the recently developed surgical procedure.1.1. Functional anatomy and biomechanics of the distal radius and
the wrist joint
Orbay [2] ﬁrst described the detail distal radius anatomy that
concave surface of the volar radius is limited distally by a transverserights reserved.
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slopes in a dorso-distal direction. He noted that ﬁxation implants
placed on or distal to that landmark cause ﬂexor tendon injuries. It
is important to note the location of the most prominent line of the
volar distal radius to prevent ﬂexor tendon injuries following sur-
gery using volar locking plates. To minimize volar locking plate
prominence, many authors have reported that plate designs and
placement should minimize prominence at the watershed line
[2,12,13].
To clarify the location of the watershed line, Imatani et al. [14]
studied the anatomical details of the distal radius and wrist using
20 cadavers and found that it generally corresponded to the distal
margin of the pronator fossa and the intermediate ﬁbrous zone
which covered the distal and proximal lines at the medial promi-
nence. They examined the bony landmarks for positioning of a volar
locking plate. Their ﬁndings provide useful information for sur-
geons to understand the detailed anatomy of the distal radius and
thereby avoid post-operative tendon injury.
Biomechanical study of distal radius fractures has been pro-
gressing. Osada et al. [15] demonstrated the biomechanical prop-
erties of 6 ﬁxation plate designs in a cadaver model. Since their
study, the experimental method has been established in a distal
radius fracture-simulated model in a cadaver. Subsequently,
biomechanical studies of distal radius fracture model have been
published, and suggest the superior advantages of certain ﬁxation
methods [16e18].
The stability and biomechanics of the distal radio-ulnar joint
following dorsally angulated distal radius fractures are important
issues. Hirahara et al. [19] reported the simulated dorsal angulated
deformity at 0, 10, 20, 30, 40 and that 10 of dorsal tilt may
progress to wrist arthritis. A similar biomechanical study using a
cadaveric model conﬁrmed these data [20].
1.2. Deﬁnition of unstable fractures of the distal radius
In 1979, Cooney, Linscheid and Dobyns, of the Mayo Clinic Hand
Service Group, ﬁrst described and deﬁned unstable fractures of the
distal radius [21]. Unstable distal radius fractures have an inherent
potential for loss of reduction or shortening. They stated that wrist
instability can be recognized by 20 ormore of dorsal angulation, or
10 mm of radial shortening, or extensive intra-articular fracture
fragment involvement at the time of injury. Up to this clinical study,
a fracture was deﬁned as unstable if there was an inability to
maintain satisfactory fracture alignment at the time of reduction by
cast support alone. If there was a loss of reduction with dorsalFig. 1. Radiograph following surgery using the mono-axial locking plate ﬁxation system
procedure (Right). The plate could be set distal to the watershed line.angulation of more than 5, or with 5 mm or more shortening, the
fracture was considered to be unstable and surgical intervention
was performed. Of the 525 patients with distal radius dorsally
angulated fractures seen at the Mayo Clinic, 130 factures (24.8%)
were unstable. Their study proposed the surgical indication for
distal radius fractures. Also they stated “the force across the frac-
ture occurs in more than one plane and therefore cannot be
adequately stabilized by an external ﬁxater using two pins”. To date
this concept is still important in many clinical circumstances. The
surgeon should always simulate the biomechanical conditions
when applying internal ﬁxation.
1.3. Monoaxial ﬁxed angle and polyaxial variable angle locking
plate
In general, there are two categories of volar locking plates for
distal radius fracture, according to the mechanism between the
screw and plate ﬁxation system. The monoaxial locking plate
(MLP) is a ﬁxed-angle locking screw with the plate, and the
polyaxial locking plate (PLP) is a variable-angle locking screw
with the plate. A variable locking screw system includes a vari-
able angle screw insertion system from 15 to 15. A variable
locking system could be selected in a case in which the screw
angle would freely be decided to ﬁx the unstable bony fragment,
such as comminuted C2 or C3 fracture. The palmar lunate fossa is
stated to be a keystone of the wrist joint. For prevention of
rotational displacement and instability of the fragment, one
screw ﬁxation is not biomechanically sufﬁcient. The fragment
should be ﬁxed with at least two screws when possible. The
variable angle locking screw has an advantage for such fracture
situations (Fig. 1). The PLP allows for a variety of screw insertion
angles. However, biomechanically, the MLP is stated to have more
angular stability compared to the PLP. Clinically, when a ﬁxed
angle plate sets incorrectly after ﬁxation of the fragment, com-
plications such as ﬂexor tendon rupture or screw penetration into
the wrist joint may occur. Thus there are both advantages and
disadvantages with the polyaxial and monoaxial locking plates
for ﬁxation of distal radius fractures. PLP is more useful for AO
type B3 or C3 with radius styloid fragment or die-punch frag-
ment, as it is possible to ﬁx their fragments in variable angle.
Stanbury et al. [22] stated the superiority of a variable-angle
locking plate for capturing a distal radial styloid compared with
a ﬁxed-angle plate in biomechanical study. The design of each
plate can contribute to the already difﬁcult situation of commi-
nuted fracture of the distal radius. Therefore, preoperative plate(Left). Poly-axial locking plate system with Double-tiered subchondral support (DSS)
Fig. 2. A Locking mechanism with three points wedged hole and screw threads. B Locking mechanism of Rack & Pinion gear concept: Screw hole has four columns which have
screw threads. C: Smart-lock technology.
Fig. 3. A Proximal setting of the locking plate. There is a space at the volar part of the distal radius. This indicates a risk of shortening of the volar fragment of the radius. B Distal
setting of the locking plate. There is a space at the dorsal part of the distal radius under the joint. This indicates a risk of dorsal displacement of the distal radius. C Double-tiered
subchondral support (DSS) procedure. There is no blank space after the DSS procedure at the distal radius.
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the surgeon to perform.
1.4. Locking mechanism of volar ﬁxation plate
To date, there are four basic locking mechanisms in the plate
ﬁxation of a distal radius fracture. The surgeon should understand
the locking mechanism before using each ideal locking plate. 1) A
lock-nut system is the classic locking mechanism. This system
needs a nut when the locking mechanism is completed. 2) The
APTUS 2.5R (Medartis, Basal, Switzerland) has an original locking
mechanism by a plate with three points wedged into holes and
multiple thread screw (Fig. 2-A). This system has six degrees of
freedom and 15 of plate-screw angle when the screws are inser-
ted.3) The AO group developed a Rack & Pinion gear concept. LCPRFig. 4. A Arthroscopic-assisted reduction after re-alignment of the distal radius with locking
reduction and locking plate and screw ﬁxation from volar and dorsal side.(Depuy Synthes, West Chester, PA, USA) has a four screw hole
column (Fig. 2-B). 4) In smart-lock technology, the VariAxR distal
radius locking plate (Stryker, Kalamazoo, MI, USA) has a locking
mechanism between one layer plate hole and multiple thread
screws (Fig. 2-C). Each locking mechanism has a different stiffness
between the hard titanium metal plate and the soft titanium-alloy
screws. Biomechanical development and technology will provide
medical improvements.
1.5. Double-tiered subchondral support (DSS) procedure
Recently, the double-tiered subchondral support (DSS) proce-
dure was reported. This procedure maintains fracture fragments in
the anatomical position, as ﬁrst reported by Orbay [2], and widely
used in Japan by Kawasaki [3].plate for intra-articular fracture. B Postoperative radiographs after arthroscopic assisted
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proximal screws support the dorsal subchondral bone, while the
distal screws support the volar central subchondral bone from the
distal row using the volar locking plate to achieve better anatomical
reduction (Fig. 3). When we set the locking plate proximally, there
is a space at the volar part in the distal radius under the joint. This
indicates a risk of shortening of the volar fragment of the radius
(Fig. 3-A). On the other hand, whenwe set the locking plate distally,
there is a space at the dorsal part in the distal radius (Fig. 3-B). This
indicates a risk of dorsal displacement of distal radius. The DSS
procedure covers a blank space at any part of the distal radius when
the locking plate sets promptly (Fig. 3-C). We examined whether
the DSS procedure improves the clinical outcome, and lessens the
complications and loss of correction for dorsally displaced AO type
C3 distal radius fractures. In conclusion, patients with AO type C3
distal radius fractures treated with the DSS procedure had a
reduced change in volar tilt (VT) than patients treated with the
non-DSS method. Neuhaus studied the comparison between DSS
and non-DSS procedures had no signiﬁcant differences using DVRR
Anatomic plate (Zimmer Biomet, Warsaw, IN, USA) [23]. However,
in this literature, the subject was not compared of type C3 fractures.
We believe that the DSS procedure, substantially for C3 fractures,
improves loss of VT correction and would help prevent post-
traumatic arthrosis in the long term [3]. AO type C3 distal radius
fractures are the most unstable fractures and some groups have
indicated limitations of treatment with the volar locking plate
alone, using additional K-wires and dorsal plating ﬁxation for pa-
tients with these types of fractures [24]. Another group reported
that additional screws and K-wires were not sufﬁcient to treat AO
type C3 cases, and that additional bone grafting should be per-
formed for metaphyseal bone loss. The simple DSS procedure is
useful to avoid correction loss in the treatment of unstable C3 distal
radius fractures.
1.6. Surgical strategy for AO-type C intra-articular fractures
1.6.1. DSS procedure for AO-type C3 fractures
Kawasaki and colleagues [3] reviewed the DSS procedure. This
procedure improves the clinical outcome, lessens complications
and loss of correction for dorsally displaced AO-type C3 distal
radius fractures. They used variable-angle locking plate and
assessed 49 patients, with 27 in the DSS group and 22 in the non-
DSS group. The ﬁnal volar tilt and ulnar variance were better
maintained in the DSS group compared to the non-DSS group. In
their study, the ﬁrst row supports the central subchondral bone and
transmission of axial force. The second row with proximal screws,
supports the dorsal subchondral bone, and the dorsal articular load
is transferred to the diaphyses of the distal radius through the
implant. This balanced force transmission might maintain
anatomical reduction, including the lunate facet, the keystone of
the wrist joint. For AO type-C comminuted fractures, distal screws
alone are not sufﬁcient towithstand the axial force, and support the
dorsal subchondral bone.
1.6.2. Combination procedure with arthroscopic-assisted reduction
and internal ﬁxation
For comminuted distal radius fractures, Doi et al. [4] reported
clinical results after arthroscopically-assisted reduction compared
with open reduction and internal ﬁxation. A single-handed open or
arthroscopic reduction for the articular fragment is generally not
easy [5,6], and often results in articular step-off and bony collapse
[7]. Thus, several authors have reported a combination procedure:
arthroscopic reduction and rigid internal ﬁxation [8e11]. Recentliterature supports the clinical beneﬁt of the arthroscopic-assisted
fragment reduction procedure, with particularly stable ﬁxation of
the metaphyseal fragment with locking plate, and then intra-
articular reduction is achieved under arthroscopy (Fig. 4-A and B).Conﬂict of interest
The authors declare that they have no conﬂict of interest.References
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